The van der Waals (vdW) materials with low dimensions have been extensively studied as a platform to generate exotic quantum properties [1] [2] [3] [4] [5] [6] . Advancing this view, a great deal of attention is currently paid to topological quantum materials with vdW structures, which give new concepts in designing the functionality of materials. Here, we present the first experimental realization of a higher-order topological insulator by investigating a quasi-one-dimensional (quasi-1D) bismuth bromide Bi 4 Br 4 [7-11] built from a vdW stacking of quantum spin Hall insulators (QSHI) [12] with angle-resolved photoemission spectroscopy (ARPES). The quasi-1D bismuth halides can select various topological phases by different stacking procedures of vdW chains, offering a fascinating playground for engineering topologically non-trivial edge-states toward future spintronics applications.
not been experimentally revealed so far, and thus spectroscopic measurements are necessary to identify that Bi 4 Br 4 is indeed a HOTI.
Here we propose that the quasi-1D bismuth halides [7, 8] offers an excellent platform to realize various topological phases selected by different stacking structures of the Bi 4 X 4 (X=I or Br) chains ( Figs. 1a-d) . A WTI state emerges in β-Bi 4 I 4 with single-layered chains per unit cell (A-stacking; Fig. 1c ), in which quasi-1D topological surface states have been observed in the side surface of the crystal [14] . A trivial insulator phase is instead obtained in α-Bi 4 I 4 , where the chains take a double-layered structure (AA'-stacking; Fig. 1d ). While a HOTI candidate Bi 4 Br 4 also consists of double layers, one of these is flipped by 180 • in the unit cell (AB-stacking; Fig. 1b ), indicating that the difference in stacking induces the topological phase variation from a trivial insulator to a HOTI.
To understand the difference of the topological class between the AA'-and AB-stacking, In α-Bi 4 I 4 , the parities of BVBs stay opposite without changing the overall parity of the occupied states; this compound is, therefore, categorized as a trivial insulator. In contrast, the parities of BVBs are varied from (−−) to (++) in Bi 4 Br 4 due to a double band inversion between the pair of BVBs and that of BCBs; this leads to a HOTI state with Z 4 = 2, which is never realized in α-Bi 4 I 4 . Another phase of Z 2 topological insulator, instead of a HOTI, could be realized in Bi 4 Br 4 when SOC is not strong enough to fully induce the double band inversions, mixing BVBs and BCBs only subtly with each other. This possibility can be, however, easily denied experimentally by observing the band gap (E gap ) which is much larger than the bilayer splitting (E split ), as indeed we have confirmed (and will demonstrate later) in our ARPES measurements. In passing, the band inversion at M is not critical for the bulk topology in both the compounds when SOC is large enough, since it does not affect the overall parity of the occupied bands.
For further comparison, we have also calculated the Bloch functions (Supplementary Note 3 1); in Figs. 1h and i, we illustrate the parity eigenvalues of BVBs and BCBs at the L point, which are both split to the bonding and antibonding states due to bilayer structure. The inversion center in the AA'-stacking (α-Bi 4 I 4 case) is located between two layers (a star in Fig. 1d and Fig. 1h ). In this circumstance, the wave functions have opposite parities both for BVBs and BCBs, (+−) and (−+), respectively. In the AB-stacking (Bi 4 Br 4 case), the inversion center is shifted to inside of a plane (a star in Fig. 1b and Fig. 1i ). Significantly, this shift changes the parities of bilayer-split bands to the same sign, (−−) and (++), for BVBs and BCBs, respectively, which yields a HOTI phase under a strong SOC. The variation of parities caused by the different stacking (AA-and AB-stacking) is illustrated also in Supplementary Fig. S2 .
We have analyzed the stacking-dependent topological properties by nanowire calculations (Figs. 1j and k; see Method), which will also give a clue for the future engineering of topological vdW chains. The gap opens at E F in the α-Bi 4 I 4 nanowire ( Fig. 1j ), being consistent with the trivial insulating phase. In contrast, gapless topological hinge states emerge in the Bi 4 Br 4 nanowires, where the valence and conduction bands are connected by a Dirac-like dispersion (Fig. 1k ). These gapless states emerge due to the nontrivial higherorder topology in Bi 4 Br 4 and are attributed to the topological hinge states. Since the bulk crystal has the same symmetry as the nanowire we set for calculations, the protected hinge states should also emerge in a 3D crystal. A semiconducting property is observed in the overall behavior of electrical resistivity ( Fig.   2b ). Significantly, however, we find a saturation toward the lowest temperature, implying that topological edge-states contribute to the electrical conduction. Cleaved surfaces were investigated by scanning electron microscopy (SEM) and laser microscopy (Figs. 2c and 2d, respectively). A number of terraces and facets were observed to be aligned parallel to the chain direction (the b-axis in Fig. 1b ). These have been revealed to be composed of the (001) and (100) crystal planes by grazing-incidence small-angle X-ray-scattering (GISAXS) measurements ( Fig. 2e and Supplementary Note 4), which exhibits two reflection lines separated by ∼ 73 • , same as the edge angle in the unit cell (see Fig. 1b ). A huge number of crystal hinges, therefore, should be naturally exposed on a cleaved surface (Fig. 2f ). The This unique situation gives us a great opportunity to directly observe the topological hinge states by ARPES with a photon beam of ∼50 µm in size.
We have performed synchrotron-based ARPES measurements on the cleaved surface of While the overall band shape is similar to that of α-Bi 4 I 4 [14] , the semiconducting gap in Bi 4 Br 4 (∼ 0.3 eV) is more than two times larger (Supplementary Note 8). These results agree with our DFT calculations, which expect that the band gap calculated with SOC is larger in Bi 4 Br 4 than α-Bi 4 I 4 (see Figs. 1f and g). Since the band structure is very simple and the band gap is relatively large for topological insulators, Bi 4 Br 4 is an ideal candidate for the first demonstration of a HOTI state.
Here we provide evidence for the topological hinge states in Bi 4 Br 4 obtained by a laserbased ARPES that has many advantages to investigate topological states, owing to its high energy-and momentum-resolution and high efficiency of data acquisition [27] . Figure 4a plots the ARPES intensities at E F covering a rectangle region in the upper panel; relatively weak signals are clearly seen by selecting a proper color scale. Island-like intensities around M originate from the spectral tails, as argued above. More importantly, our high-quality data clearly exhibit intensities with a 1D distribution along the line at k y = 0. In Fig. 4d , we plot ARPES dispersions obtained along several momentum cuts (orange dashed lines in Fig. 4a ). The hole-like bands approach E F atM, and disperse toward higher binding The Bi 4 Br 4 verified to be the first higher-order topological insulator provides various advantages to materials science, owing to its unique crystal structure built from the van der Waals stacking of bismuth bromide chains. Since a bunch of crystal hinges are exposed on this crystal, a large amount of topological edge-current could be generated. In addition, multiple topological phases can be selected by different procedures of chain-stacking, which offers the capability of designing and engineering novel functional materials by thin film 6 growth and microfabrication. Notably, the 1D nanowires obtained by simple exfoliation technique may play a crucial role in developing the devices for Majorana-based topological computing by transferring the nanowires onto a superconducting substrate [29, 30] . 
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ARPES set-up.
Standard-ARPES measurement with synchrotron radiation was performed at the HR-ARPES branch of the beamline I05 of the Diamond Light Source equipped with a Sci-entaOmicron R4000 analyzer and beamline 5-2 of Stanford Synchrotron Radiation Lightsource (SSRL) equipped with a ScientaOmicron DA30L analyzer. The sample temperature was fixed at 10 K during the measurements. The photon energy was set at between 70 and 100 eV. The angular resolution was 0.1 • and the overall energy resolution was better than 20 meV. Laser-based ARPES measurements were performed at the Institute for Solid State Physics, The University of Tokyo [43] . The laser system provides 6.994-eV photons [44] .
The measurement temperature of the samples was about 20 K. The angle resolution was 0.3 • and the overall energy resolution was set to less than 5 meV.
Synchrotron-based nano-ARPES measurements presented in Supplementary Note 7 were performed at the 3.2L-Spectromicroscopy beamline of the Elettra Light Source [45] . A Schwarzschild objective was used to focus the photon beam to a spot of less than 1 µm in size. The photoelectron detector is facility-made, and it is rotatable inside the measurement chamber, which also enables Fermi surface mapping without sample rotation. The photon energy was set at 74 eV, and the sample temperature was kept at around 20 K. The overall energy resolutions were set to be better than 60 meV. ARPES data were analyzed using the inverse mapping functions described in [46] . 
